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SUMNARY 

The necess i ty  f o r  experimental ve r i f i ca t ion  of rocket-engine performance 
a t  a l t i t u d e  or near-space conditions has long been recognized i n  the  aerospace 
industry.  
toward higher area r a t i o s ,  advanced nozzle concepts, and nonequilibrium flow 
considerations have made alt3itei--de simulation a reqlLrezent cf developaer;t pro- 
grams. Because t h e  need f o r  information regarding t h e  capab i l i t i e s  and char- 
a c t e r i s t i c s  of a l t i t u d e  t e s t  f a c i l i t i e s  t h a t  a r e  su i t ab le  f o r  l iquid-rocket- 
engine operation was recognized, this survey was compiled with 
representat ives  of industry and government agencies.' 

Recent spacecraf t  rocket-engine research and development t rends 

INTRODUCTION 

The advent of upper-stage and spacecraft  engine-vehicle development pro- 
grams along with t h e  need f o r  more rigorous performance and r e l i a b i l i t y  data 
j u s t i f i e d  the  construction of a number of a l t i t u d e  tes t  f a c i l i t i e s .  The tes t  
c a p a b i l i t i e s  of these f a c i l i t i e s  range from s m a l l  a t t i t ude -con t ro l  engines t o  
la rge  upper-stage engines. The al t i tude-simulat ing systems include simple 
diffusers coupled t o  the  engine nozzle e x i t  ( f i g .  l), steam e jec to r  coupled t o  
t h e  engine-driven diffuser ( f i g .  Z ) ,  and pumped environmental chambers coupled 
t o  a d i f fuse r  or e jec to r  system f o r  use during engine f i r i n g  ( f i g .  3).  
techniques f o r  vacuum generation e x i s t .  I n  addi t ion t o  the  conventional sys- 
tems of mechanical pumps and steam bo i l e r s  for s t e m  e j ec to r s ,  t he re  are semi- 
portable  l iquid-propellant-driven steam generators.  . 

Several 

I GENERAL C C " S  

Certain f a c t s  m u s t  be kept i n  mind when using t h e  information i n  t h i s  
repor t  : 

(a )  Tabular listing, which i s  convenient t o  use, cannot provide s u f f i c i e n t  
I 

d e t a i l  t o  describe a f a c i l i t y  completely. 
of t h e  f a c i l i t y  a r e  included i n  the  tabulation. 

Only t h e  most bas ic  cha rac t e r i s t i c s  

( b )  Modification and expansion of f a c i l i t i e s  i s  a continuous e f f o r t .  
I 



( c )  Many exis t ing  f a c i l i t i e s  can be var ied  t o  provide a wide range of en- 
vironment, propellant combination, exhaust pressure l e v e l ,  s t a r t i n g  and shut- 
down t rans ien ts ,  types of data, recording capabi l i ty ,  and accuracy. 

The various columns of t a b l e  1 a r e  described more f u l l y  as follows: 

Operator; Owner: 
ju r i sd ic t ion  of the f a c i l i t y .  
agency owning the f a c i l i t y .  

The operator i s  the  divis ion and/or corporation having 
The owner i s  t h e  corporation and/or government 

Stand: The code or popular name by which t h e  s tand i s  known. 

Location: The cornunity or geographical area where the  s tand i s  located. 

Ty-pe: The type of propulsion system, l i q u i d  and/or s o l i d ,  t h a t  can be 
t e s t e d  i n  the c e l l .  
ber  capabi l i ty ,  and avai lable  propellant plumbing and storage can a f f e c t  the  
type of system t e s t e d .  ) 
combination t h a t  e x i s t s  i n  t h e  f a c i l i t y  has been noted. 

(Several f a c t o r s  including exhaust-gas composition, scrub- 

Any predominant capabi l i ty  f o r  a l iquid-propel lant  

Rated t h r u s t ;  Simulated a l t i t u d e :  The t h r u s t s  and a l t i t u d e s  shown a r e  
t y p i c a l  of a p a r t i c u l a r  i n s t a l l a t i o n  and a r e  provided f o r  geometrical con- 
s iderat ions as well  as f a c i l i t y  capabi l i ty .  . I n  some cases, mass-flow limita- 
t ions  as wel l  as a l t i t u d e  a t  no engine flow (s ta r t  conditions) a r e  provided. 
Thrust and a l t i t u d e  were chosen as t h e  major parameters of i n t e r e s t  ins tead  of 
mass f l o w ,  vacuum, and other f a c t o r s  such as maximum area r a t i o  and blockage; 
cooling of combustion products; exhaust-product flow l imi ta t ions  ( f r e e  hydro- 
gen, so l ids ,  water vapor, e t c .  ) .  
t i o n s  for  f a c i l i t y ,  personnel, or  t h e  surrounding community.are not included. 

Last ly ,  comments regarding s a f e t y  considera- 

Environment: The manner i n  which t h e  engine is  coupled t o  t h e  S a c i l i t y ,  
e i t h e r  by encapsulation or by d i r e c t  connection a t  the  nozzle e x i t .  

Atti tude: The d i rec t ion  of f i r i n g  or i n s t a l l a t i o n  within the  f a c i l i t y .  

Vacuum generation: The equipment avai lable  t o  generate and/or maintain a 
vacuum condition. 

Status:. The operational or planning s t a t u s  as of t h e  summer of 1963. 

SUMMARY OF RESULTS 

m.. ~ i i e  modern high-performance upper s tage and spacecraf t  rocket-engine sys- 
tems require extensive t e s t i n g .  The proof of r e l i a b i l i t y  i n  addi t ion t o  an 
accurate determination of space performance of propulsion systems has placed a 
severe demand on t e s t  f a c i l i t i e s  capable of simulating a l t i t u d e  conditions. 
Therefore, a survey was made i n  order t o  provide a tabula t ion  of a l t i t u d e  f a c i l -  
i t i e s  available f o r  rocket engine t e s t i n g .  
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c o m  

Because it i s  recognized t h a t  this tabulat ion may be incomplete, comments, 
corrections,  and additions a r e  s o l i c i t e d  s o t h a t  it may be revised. 

I 

I Washington, D. C. ,  March 12 ,  1964 

Office of Advanced Research and Technology 
I National Aeronautics and Space Administration 
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